0.023), total cholesterol (p ! 0.001) and low-density lipoprotein cholesterol (p ! 0.001) and prevalence of hypertension (p ! 0.001), dyslipidemia (p ! 0.001), prediabetes (p ! 0.001) and MS (p ! 0.01) significantly increased in subjects with nonfunctioning adenoma. Conclusion: The data showed that nonfunctioning adrenal adenomas were associated with the development or deterioration of atherosclerotic risk factors. Therefore, follow-up and management strategies should be developed to decrease atherosclerotic morbidity in those individuals.
Introduction
In the last decade, several studies have shown an association between adrenal adenomas and metabolic problems [1] [2] [3] [4] [5] . However, it remains unclear whether aging and increased insulin resistance could be associated with the development of adrenal cortical adenomas or whether adrenal adenomas alone could be responsible for the occurrence of metabolic problems. Following the demonstration of a wide variety of cortisol secretion in adrenal adenomas, subclinical Cushing's syndrome (sCS) was defined and studies showed that it was associated with disturbances in metabolic parameters [6, 7] . However, it was also demonstrated that several anthropometric and laboratory parameters were also disturbed even in subjects with nonfunctioning adrenal adenomas [4, 8] . Despite the limited data regarding cortisol secretion dynamics, it was suggested that nonfunctioning adrenal adenomas might feature a milder form of cortisol autonomy [1] [2] [3] [4] [5] [6] [7] [8] .
Endogenous hypercortisolemia is associated with several atherosclerotic risk factors [9] , with the frequency and severity of the metabolic derangements associated with the degree of autonomous cortisol secretion, from the increased prevalence of devastating disturbances in Cushing's syndrome to the milder forms of atherosclerotic risk factors in sCS and nonfunctioning adenomas. Despite the current knowledge regarding metabolic problems in subjects with nonfunctioning adrenal adenomas, the variety and frequency of those disturbances have not been studied in a large series. Moreover, follow-up data regarding the development or deterioration of metabolic problems in subjects with nonfunctioning adrenal adenomas is also lacking. In this study, we sought to demonstrate the prevalence of several cardiovascular risk factors in subjects with nonfunctioning adrenal adenomas at baseline and after 24 months' follow-up.
Subjects and Methods
This study was conducted at the Division of Endocrinology and Metabolism, Dokuz Eylul University, with the approval of the Ethics Committee of Dokuz Eylul University.
Participants
The records of 356 subjects who were referred to our institute with incidentally discovered adrenal tumors from 2002 to 2009 were reviewed. Subjects with clinically overt hormone hypersecretion (pheochromocytoma: n = 20, Cushing's syndrome: n = 15, primary hyperaldosteronism: n = 14, adrenal cysts and myelolipomas: n = 15, adrenal metastasis: n = 15, and missing data: n = 4) were excluded. Upon admission, the anthropometric and metabolic parameters of the remaining 273 participants were measured and the prevalence of several atherosclerotic risk factors was investigated. Due to the missing data or patient refusal the remaining 83 participants were not evaluated.
Of the 273 participants, the follow-up data of 114 participants with nonfunctioning adrenal adenomas were evaluated. Median duration was 24 months (6-132). Follow-up data regarding changes in anthropometric and laboratory parameters and prevalence rates of metabolic disturbances were obtained from medical records. Diabetes was considered present in any subject previously diagnosed with diabetes and currently using diabetes medication. In subjects without diabetes, diagnosis was established according to the diagnostic criteria of the American Diabetes Association [10] . Prediabetes was defined as impaired fasting glucose (fasting glucose 6 100 mg/dl) or impaired glucose tolerance (2-hour glucose in 75-gram oral glucose tolerance test 6 140 mg/dl) [10] . Hypertension was considered present in subjects previously diagnosed with hypertension and currently using antihypertensive medication. In subjects without hypertension, diagnosis was established on the basis of systolic blood pressure 6 140 mm Hg or diastolic blood pressure 6 90 mm Hg. Dyslipidemia was considered present in subjects previously diagnosed with dyslipidemia and currently using antihyperlipidemic medication. In subjects without dyslipidemia, diagnosis was established on the basis of total cholesterol 6 200 mg/dl and low-density lipoprotein cholesterol (LDL-C 6 130 mg/dl or the presence of isolated hypertriglyceridemia ( 6 200 mg/dl) [11] . Cardiovascular disease was established by a history or development of unstable angina pectoris, non-ST elevated myocardial infarction, ST-elevated myocardial infarction, angiographically defined coronary artery plaques, coronary artery bypass graft surgery, radiologically defined peripheral artery or cerebrovascular disease or revascularization procedure, or stroke. Metabolic syndrome was established on the basis of three or more of the following signs: waist circumference 6 102 cm in men and 6 88 cm in women; serum triglyceride level 6 150 mg/dl; high-density lipoprotein cholesterol (HDL-C) ! 40 mg/dl in men and ! 50 mg/dl in women; blood pressure 6 130/85 mm Hg; fasting glucose 6 110 mg/dl [11] .
Radiological Evaluation
A computed tomography (CT) scan was performed for the initial radiological examination. Radiological follow-up included CT and/or magnetic resonance imaging (MRI) at 6 and 12 months and annually in subsequent visits. Malignancy was excluded if the following criteria were met for the CT: a homogeneous, regular shape with well-defined margins; attenuation value of 10 or less Hounsfield units on unenhanced CT scan; fewer Hounsfield units on enhanced CT scan; tumor diameter ! 40 mm. MRI was performed when CT scan failed to confirm the diagnosis. Additionally, MRI was preferred in cases with a history of hypersensitivity to nonionic iodinated contrast medium or a history of impaired renal function.
Hormonal Evaluation
Hormonal evaluation was performed at presentation, 6 months after the initial visit and annually in subsequent visits and included 8.00 a.m. cortisol, dehydroepiandrosterone sulfate (DHEAS), adrenocorticotrophic hormone (ACTH) and in hypertensive subjects plasma renin activity and serum aldosterone evaluation. Subsequently, urinary free cortisol (normal range ! 110 g/day), urinary normetanephrine (normal range: 88-444 g/day) and urinary metanephrine (normal range: 52-341 g/day) were measured and overnight 1-mg dexamethasone suppression test (DST) was performed.
The suppression in overnight DST was considered to be adequate when morning cortisol fell below 1.8 g/dl. When post-DST cortisol was over 1.8 g/dl, a 2-day 2-mg DST involving the administration of 0.5 mg oral dexamethasone given every 6 h for 48 h was performed. In subjects with nonsuppressed cortisol levels, diurnal rhythm of cortisol was also evaluated (normal: midnight cortisol ! 7.5 g/dl); sCS was defined as post-DST cortisol 1 1.8 g/dl with at least one of the following conditions positive: ACTH ! 5 pg/ml, urinary free cortisol 1 110 g/day or midnight cortisol 1 7.5 g/dl. Urinary cortisol and midnight cortisol were not measured in follow-up visits unless post-DST cortisol 1 1.8 g/dl. Patients with suppressed post-DST cortisol levels were accepted as having nonfunctional adenoma if they additionally had at least one of the following criteria: morning DHEAS levels 6 40 g/dl; nonsuppressed plasma corticotro-phin ( 6 5 pg/ml); urinary free cortisol ! 110 g/day or midnight cortisol.
Pheochromocytoma was defined as elevated levels of urinary normetanephrine and/or metanephrine. Primary hyperaldosteronism was screened for in hypertensive subjects with aldosterone/plasma renin activity ratio. In subjects with aldosterone/ plasma renin activity ratio 1 25, saline infusion test was performed.
Anthropometric Measures
Anthropometric and laboratory assessments were performed at presentation and annually in subsequent visits. Height, weight and waist circumference were measured and body mass index (BMI) was calculated. Blood pressure was measured using a sphygmomanometer after 5 min of rest in a sitting position.
Laboratory Assessment
After fasting overnight, a blood sample was withdrawn to measure plasma glucose, insulin, uric acid, high-sensitivity C-reactive protein (hsCRP), fibrinogen, total cholesterol, HDL-C and triglyceride levels. LDL-C was calculated. In nondiabetic subjects with plasma glucose 6 100 mg/dl, 75-gram oral glucose tolerance test was performed. Uric acid, glucose, triglycerides, total cholesterol and HDL-C levels were assessed using commercially available in vitro tests on Roche/Hitachi D/P Modular System Autoanalyzer (Roche Diagnostics, Basel, Switzerland). Insulin was measured using chemiluminescence enzyme immunoassay kit (Immunolite, Diagnostic Products Corp., Los Angeles, Calif., USA). Plasma fibrinogen was analyzed according to the Clauss method. Urine free cortisol and metanephrines were measured by high performance liquid chromatography (Agilent Technologies, Santa Clara, Calif., USA). 
Statistical Analysis

Results
The prevalence of metabolic disturbances in the patients with nonfunctioning adenomas and CS is shown in figure 1 . Dyslipidemia (59.2%), hypertension (54.3%) and metabolic syndrome were the most frequent disturbances. Baseline characteristics of subjects with nonfunctioning adrenal adenomas and sCS are shown in table 1 . Age, gender and BMI were similar for patients with nonfunctioning adenoma and sCS. Median tumor diameter was significantly elevated in the sCS group [20 (7-60) mm vs. 27.5 (10-60) mm, p ! 0.001)].
The distribution of metabolic disturbances in subjects with nonfunctioning adenomas and sCS is given in table 1 . Fibrinogen levels were significantly elevated. Prevalence of hypertension and cardiovascular events was significantly higher in the sCS group while the remaining parameters were comparable.
During follow-up, 114 participants with nonfunctioning adenoma were evaluated. The median duration of follow-up was 24 months (range: 6-132). The variation of several anthropometric and laboratory parameters is given in table 2 . During follow-up, BMI, waist circumference, systolic blood pressure, homeostasis model assessment, hsCRP, total cholesterol and LDL-C levels significantly increased and morning DHEAS level significantly decreased. The frequency of developing type 2 diabetes mellitus was: n = 2 (1.8%), cardiovascular disease: n = 4 (3.5%), metabolic syndrome: n = 8 (7.5%), hypertension: n = 12 (10.5%), dyslipidemia: n = 27 (23.7%), and prediabetes: n = 40 (34.5%). Baseline and follow-up prevalence of metabolic problems is shown in figure 2 . The prevalence increase in hypertension (p ! 0.001), dyslipidemia (p ! 0.001), prediabetes (p ! 0.001) and metabolic syndrome (p ! 0.01) was significant.
Direct logistic regression was performed to assess the impact of a number of factors on the development of hypertension, dyslipidemia, prediabetes and metabolic syndrome. The model contained age, gender, follow-up duration, adenoma diameter at follow-up and change in BMI as independent variables. None of these factors was found to have a significant effect on the development of metabolic disturbances.
Discussion
In this study, we showed that subjects with adrenal adenomas also had several metabolic problems. Dyslipidemia, hypertension and metabolic syndrome affected almost half of the participants. We also confirmed that sCS was associated with increased cardiovascular risk in terms of higher hypertension and cardiovascular disease prevalence and elevated fibrinogen levels. Data regarding cardiovascular disease risk in nonfunctional adrenal adenoma was not satisfactory. There are few studies with a small number of participants that evaluated specific markers such as certain adipocytokines or echocardiography findings as predictors of cardiovascular risk [8, 12] . In the present study, the prevalence of type 2 diabetes, prediabetes and metabolic syndrome was comparable to that in gender, age and BMI-matched subjects with sCS.
This finding may provide evidence to support the role of nonfunctioning adrenal adenoma in the development of metabolic derangements.
Long-term management of adrenal adenoma in terms of atherosclerotic risk factors is controversial. The current data on this issue has been derived from a few studies that have shown the beneficial effects of adrenalectomy on metabolic parameters in subjects with sCS [13, 14] . Recently, Sereg et al. [15] showed that adrenalectomy failed to improve adverse metabolic profile in subjects with nonfunctioning adrenal adenomas. The question whether a nonfunctional adrenal adenoma could be associated with future metabolic problems and atherosclerotic risk has not been answered in the present study, we demonstrated that subjects with nonfunctioning adenoma had several disturbances in both anthropometric and laboratory indices during 24 months' follow-up. Additionally, a significant increase in the prevalence of dyslipidemia, hypertension, prediabetes and metabolic syndrome was observed. The equivocal part of the asso ciation between nonfunctioning adrenal adenoma and metabolic syndrome is whether adrenal adenoma could directly cause metabolic derangements. It has been suggested that adrenal adenomas may be characterized by alterations in cortisol secretion rates such that the degree of autonomous cortisol production is a continuum from subtle cortisol autonomy of nonfunctioning adenomas below the detection threshold of routine laboratory investigations to more pathological secretion that could be seen in sCS [1, 16] . This subtle but continuous cortisol autonomy could be responsible for the unfavorable outcome in metabolic parameters. There is a considerable amount of literature on HPA axis activation and increased risk of cardiovascular disease. A study from Caerphilly showed a correlation of cortisol and testosterone as a predictor of incident ischemic heart disease [17] . Several studies have suggested that plasma cortisol levels correlate with the degree of coronary artery disease [18, 19] . It has also been shown that morning cortisol levels are associated with components of metabolic syndrome [20, 21] . The mechanism of glucocorticoid-induced metabolic disturbances is complicated. Glucocorticoids increase the turnover between stored energy and freely available fuel for mitochondrial oxidation [9] . They both impair insulin-dependent glucose uptake in the periphery and also enhance gluconeogenesis in the liver [22] . Furthermore, they may increase vagal stimulation of insulin secretion with their central action [23] . It has been shown that a positive association was present between skeletal muscle myoblast expression of the glucocorticoid receptor and levels of insulin resistance, BMI, percent body fat and blood pressure [24] . Elevated concentrations of cortisol and increased tissue sensitivity to glucocorticoids are likely to increase glucocorticoid hormone action and metabolic syndrome risk. A major limitation of this study is the lack of a control group. More appropriate suggestions regarding the relationship between adrenal adenoma and the development of metabolic problems could have been made if a positive control group (i.e., sCS) or a negative control group (subjects without adrenal adenoma) had been included in the follow-up study. Additionally, adrenal adenomas are usually detected in middle-aged and elderly subjects with a wide range of complaints and comorbidities who are more likely to develop metabolic and cardiovascular derangements. This referral bias should also be taken into account while interpreting the results of our study.
Conclusion
Our results demonstrated that nonfunctioning adrenal adenoma was associated with metabolic derangements and was also involved in the development or deterioration of atherosclerotic risk factors. Subtle cortisol autonomy of clinically silent adenomas could be implicated in the development of unfavorable metabolic outcome. The question whether adrenalectomy or treatment of metabolic consequences would be beneficial should be addressed in new studies.
